Abstract -Mycoplasma mycoides subsp. capri and Mycoplasma mycoides subsp. mycoides LC can be combined into one taxon on the basis of several contributions on both DNA sequence and protein analyses reported in the literature. Moreover, for the differentiation and identification of mycoplasmas of the "mycoides cluster", we investigated the rpoB gene, encoding the β-subunit of the RNA polymerase. A segment of 527 bp of the rpoB gene was amplified from 31 strains of ruminant mycoplasmas by PCR. The nucleotide sequences were determined and aligned, and accurate genetic relationships were calculated. Cluster analysis of rpoB DNA allowed species differentiation within the "mycoides cluster" and confirmed that M. mycoides subsp. capri and M. mycoides subsp. mycoides LC cannot be distinguished from each other. "Mycoplasma mycoides subsp. capri" is proposed as a common name for both subspecies Mycoplasma mycoides subsp. capri / Mycoplasma mycoides subsp. mycoides LC / ruminant mycoplasmoses / taxon / serovar
INTRODUCTION
Mycoplasma mycoides subsp. capri and M. mycoides subsp. mycoides largecolony type (LC) belong to the "mycoides cluster", a group of six closely related mycoplasmas [6] . M. mycoides subsp. capri causes mastitis, arthritis, pulmonary diseases and septicaemia specifically in goats [6, 14, 17, 22, 31, 34, 37] . M. mycoides subsp. mycoides LC is reported to cause a pattern of diseases similar to those induced by M. mycoides subsp. capri in goats, including mastitis, keratoconjunctivitis, polyarthritis, pneumonia and septi-numerical analysis of one-dimensional sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) protein patterns [4, 16] , by two-dimensional PAGE protein patterns [21, 27] , as well as by serological analysis [18] . A DNA probe based on a randomly selected genomic fragment was developed for the differentiation of the different members of the "mycoides cluster". This DNA probe grouped M. mycoides subsp. capri strains together with M. mycoides subsp. mycoides LC and could not allow differentiation between these two mycoplasmas, but it distinguished them from the other members of the "mycoides cluster" [32] . DNA-DNA hybridization studies revealed variable values for DNA homology between M. mycoides subsp. capri and M. mycoides subsp. mycoides LC (75 to 94%) depending on experimental conditions [18] . Several phylogenetic studies were performed in the view to distinguish these two strains. Sequence analysis of 16S rRNA genes revealed 99.9% similarity between M. mycoides subsp. capri and M. mycoides subsp. mycoides LC [24] . Since phylogenetic analysis based upon the 16S rRNA gene sequences alone provided only a limited understanding of species relationships and evolutionary history, and 16S rRNA operons show high intraspecific variation, sequences of protein-encoding genes have been suggested and used. Hence, sequence analysis of the lppA gene [18] and of a putative membrane protein gene [35] were assessed. These methods also clustered together both M. mycoides subsp. capri and M. mycoides subsp. mycoides LC. Very recently, tRNA gene PCR fingerprinting showed a very close relationship between these two mycoplasmas as well [30] .
To give additional insight into the genetic identification of M. mycoides subsp. capri and M. mycoides subsp. mycoides LC, we decided to consider another genetic marker that has been used successfully in our laboratory for the elaboration of relationships in other bacteria [13] . This marker is the rpoB gene coding for the DNA-directed β-subunit of the RNA polymerase and has a higher discriminatory power than 16S rRNA gene sequences.
MATERIALS AND METHODS

Strains, growth conditions and DNA extraction
Strains of M. mycoides subsp. mycoides LC (n = 8) and M. mycoides subsp. capri (n = 6) and of the other Mycoplasma species (n = 17) are listed in Table I . The cells were grown in a standard mycoplasma medium (Axcell Biotechnologies, St. Genis l'Argentière, France) for 3 days at 37
• C to a density of 10 8 -10 9 cells/mL. Growth and handling of live M. mycoides subsp. mycoides SC were performed in a biological safety laboratory fulfilling the BL3 containment safety standards. Lysis of mycoplasmas with GES buffer (5 M guanidium thiocyanate, 100 mM EDTA, 0.5% N-lauroylsarcosine) and extraction of genomic DNA were performed as previously described [3] .
PCR and sequencing strategies
Polymerase chain reaction (PCR) was performed with a DNA thermal cycler Gene Amp PCR System 9600 (Applied Biosystems, Foster City, CA, USA) in a 30-µL reaction mixture (1 × reaction buffer B (supplied with FIREPol DNA polymerase), 2.5 mM MgCl 2 , 250 µM of each dNTP) that contained approximately 50 ng of genomic template DNA, 2.5 U of FIREPol DNA polymerase (Solis BioDyne, Tartu, Estonia), and 400 nM of oligonucleotide primers CAMPrpoB-L4 (5'-CCAATTTATGGATCAAAT-3') and Rpob-R (5'-GTTGCATGTTNGNAC-CCAT-3'). The mixtures were subjected [18] . c Sequence of rpoB not determined in this work since it is already available from the PG1 genome project [38] . to 3-min denaturation at 94
• C followed by 35 cycles of amplification with the parameters: 30 s at 94
• C, 30 s at 50
• C and 1 min extension at 72
• C, and a final extension step at 72
• C for 7 min. Amplicons were purified with the High pure PCR product purification kit (Roche Diagnostics, Rotkreuz, Switzerland).
DNA sequencing of the purified amplicons was performed with a DNA Sequenator AB 3100 genetic analyzer and the Taq dye deoxy terminator cycle sequencing kit (Applied Biosystems) using either primer CAMPrpoB-L4 or primer Rpob-R as previously described [13] . The assembling of DNA sequences and alignments of sequenced segments were done using the program Sequencher 4.6 (GeneCodes, Ann Arbor, MI, USA). Phylogenetic analysis was done using the program BioNumerics 4.0 (Applied Maths, Kortrijk, Belgium).
Nucleotide sequence accession numbers
The deposited EMBL/GenBank accession numbers for the nucleotide sequences of the fragments from the rpoB genes from the Mycoplasma strains used in this study are listed in Table I .
RESULTS
rpoB sequences
Amplicons of 527 bp from the rpoB genes of the 31 investigated Mycoplasma strains (Tab. I) were obtained. The nucleotide sequences (490 bp) of amplified DNA were determined and compared. The G+C contents of these sequenced DNA were 29.2 to 32.4%, reflecting the G+C-poor genome characteristic of mycoplasmas. No insertions or deletions were observed. The determined nucleotide sequences were compared pairwise for identity; the results showed that the 31 Mycoplasma strains were closely related to each other. In general, 0 to 13.6% divergence (i.e., 86.4 to 100% identity) was observed among the mycoplasmas tested ( Fig. 1 ). Members of a same subspecies had almost identical sequences with only up to 1.9% divergence. The sequence divergences ranged from 0.0 to 1.9% also among strains of M. mycoides subsp. capri and M. mycoides subsp. mycoides LC. The maximal divergence within the "mycoides cluster" was of 4.0%, while the M. putrefaciens strain KS1 was easily differentiated from strains of the "mycoides cluster" (11.6 to 13.6% divergence).
Cluster analysis tree
Genetic relationships were calculated using the UPGMA clustering method (Fig. 2 ). All mycoplasmas of the "mycoides cluster" were relatively united. However, clustering of the mycoplasmas according to their species of affiliation was evident. Cluster analysis confirmed the inability to distinguish between M. mycoides subsp. capri and M. mycoides subsp. mycoides LC as the analyzed strains grouped together. M. putrefaciens strain KS1 was separated distantly from the mycoplasmas of the "mycoides cluster".
Amino acid sequences
The deduced amino acid sequences of amplified rpoB DNA comprised 163 amino acid residues (N 556 to L 718 ) of the β-subunit of the RNA polymerase of 1291 amino acids from M. mycoides subsp. mycoides SC strain PG1 (Fig. 3) . By considering the sequences of the 31 strains, we found a total of 81 codon variations in the 490 nucleotides analyzed. Most of these variations (n = 55 or 67.9% of the total) were characterized by a nucleotide change in the last position of the codons, with an amino acid change ratio of 5/55. California kid 1.9 1.9 1.9 1.9 1.9 2.7 1.7 1.7 1.7 The identical sequences to consensus are indicated as dots.
of the codons, with an elevated amino acid change ratio of 10/14. The 5 variations (6.2%) at position 2 of the codons were all producing an amino acid change. Interestingly, we found 5 variations (6.2%) at both positions 1+3 of the codons but only one of them allowed an amino acid change. Moreover, we found 1 variation (1.2%) at both positions 2+3 of the codons, which produced an amino acid change. Finally, there was 1 variation (1.2%) at all three positions of the codon, but it did not lead to an amino acid change. Hence, of the 81 codon variations, 22 (27.2%) were missense variations (Tab. II) and 59 (72.8%) were silent. All strains of M. mycoides subsp. mycoides LC and M. mycoides subsp. capri presented the same amino acid sequence in the region comprised between amino acid residues N 556 and L 718 of the DNA-directed RNA polymerase beta chain (Fig. 3) , and one to all Mycoplasma sp. bovine group 7 strains plus Mycoplasma sp. serogroup L strain B144P only (variation at positions 1+3 of codon 689). There was another missense variation involving codon 689 (variation at position 1 only), which was observed in all strains of the species M. capricolum (i.e., both subsp. capricolum and subsp. capripneumoniae). Interestingly, also one of the 15 missense variations referred to KS1 involved codon 689 (variation at position 3 only). We found a missense variation also involving codon 684 (variation at position 2) in all Mycoplasma sp. bovine group 7 strains plus B144P and the M. putrefaciens strain KS1. The remaining 3 missense variations were not related to species differentiation but rather to intraspecies variability (Fig. 3,  Tab. II) .
In the majority of the cases (16/22), the missense variation did not lead to any change of the amino acid charge (Tab. II). In contrast, in six cases, the missense variation led to a charge change of the encoded amino acid. Four of them involved a change from neutral to charged residues (all in M. putrefaciens strain KS1) and two led to a change from a negatively charged residue (Asp) to a positively charged residue (His). Interestingly, both cases referred to amino acid 689, whereby H 689 was found in all strains of M. capricolum (due to their variation at codon position 1) and in all strains of Mycoplasma sp. bovine group 7 plus B144P (due to their variation at codon positions 1+3), whereas all other strains had D 689 (excluding KS1 that had E 689 due to its variation at codon position 3).
Silent variations
As already mentioned above, 59 of the 81 codon variations were silent. They were evenly distributed on the 490 nucleotides analyzed. Most of them (n = 50 or 84.7% of the total silent variations) were characterized by a nucleotide change at position 3 of the codons. Of the 59 silent variations, 26 (or 44.1%) referred to M. putrefaciens strain KS1 only (20 of which involving a change at codon position 3; the exceptional silent variation involving changes at all three positions of S 704 with TCA instead of an AGT codon also referred to strain KS1 only).
Other particular silent variations were found by amino acids N 556 (codon position 3 differentiating M. mycoides subsp. mycoides SC, Mycoplasma sp. bovine 
